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(54) A fuel injection control device for a direct injection type engine 

(57) A fuel injection control device for a direct injec- 
tion type engine having an exhaust passage and a NO^ 
catalyst arranged therein to purify NO^ in exhaust gas 
discharged from the engine comprises fuel injectors for ^ 
injecting fuel into a cylinder. The injecting operation of 
the fuel injectors is controlled to carry out a main fuel 
injection at the latest at the beginning of a power stroke 
of the engine. The injecting operation of the fuel injec- 
tors is controlled to carry out a sub fuel Injection at one 
of a power stroke and an exhaust stroke of the engine 
after the main fuel injection is completed to increase an 
amount of hydrocarbon in the exhaust gas. The injecting 
operation of the fuel injectors is controlled to carry out 
an additional sub fuel injection after the main fuel injec- 
tion is completed and before the sub fuel injection is car- 
ried out. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a fuel injection control 
device for a direct injection type engine. 

2. Description of the Related Art 

A lean-burn engine is known, in which, in order to 
save fuel, an air-fuel ratio of an air-fuel mixture to be fed 
into combustion chambers of the engine is made lean 
compared to the stoichiometric ratio during almost all 
engine operations. A large amount of NOx is discharged 
from the lean-burn engine since the air-fuel mixture for 
the lean-burn engine includes much oxygen. Therefore, 
it is necessary to arrange a catalyst for purifying the 
NOx 3" exhaust passage of the engine. 

A NOj( catalyst is known which purifies the NO^ with 
hydrocarbon (HO) under an oxygen-rich exhaust gas. 
However, in the lean-burn engine, little HC can be fed 
into the NO^ catalyst since almost all HC fed into the cyl- 
inders of the engine is burned in the cylinders. There- 
fore, the NOx catalyst cannot purify all the NOx 
exhaust gas. Note that, in this specification, an exhaust 
gas including much more oxygen than an exhaust gas 
resulting from burning a stoichiometric air-fuel mixture 
is referred to an oxygen-rich gas. 

Japanese unexamined patent publication (Kokai) 
No. 4-231645 discloses a lean-burn type of a direct 
injection type engine, in which a main fuel for driving the 
engine is injected from a fuel injector into the cylinder, 
and a secondary fuel for purifying the NOx ^^e NOx 
catalyst is directly injected into the cylinder from the 
same fuel injector after the main fuel is fed. 

By the way, the NOx catalyst purifies the NOx within 
a predetermined temperature range. Therefore, when 
the temperature of the NOx catalyst is not within the pre- 
determined temperature range, the NOx catalyst does 
not purify the NOx the exhaust gas. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the invention is to main- 
tain a temperature of a NOx catalyst at a temperature 
within a predetermined temperature range in which the 
NOx catalyst purifies the NOx with the HC. 

According to the present invention, there is pro- 
vided a fuel injection control device for a direct injection 
type engine having an exhaust passage and a NOx cat- 
alyst arranged therein to purify NOx exhaust gas 
discharged from the engine, the device comprising: fuel 
injection means for injecting fuel into a cylinder; main 
fuel injection control means for controlling the injecting 
operation of the fuel injection means to carry out a main 
fuel injection at the latest at the beginning of a power 



stroke of the engine; sub fuel injection control means for 
controlling the injecting operation of the fuel injection 
means to carry out a sub fuel injection at one of a power 
stroke and an exhaust stroke of the engine after the 

5 main fuel injection is completed to increase an amount 
of hydrocarbon in the exhaust gas; and additional sub 
fuel injection control means for controlling the injecting 
operation of the fuel injection means to carry out an 
additional sub fuel injection after the main fuel injection 

10 is completed and before the sub fuel injection is carried 
out. 

Further, according to the present invention, the 
additional sub fuel injection means carries out the addi- 
tional sub fuel injection when the temperature of the 
15 NOx catalyst is lower than a predetermined tempera- 
ture, and stops the additional sub fuel injection when the 
temperature of the NOx catalyst exceeds the predeter- 
mined temperature. 

Further, according to the present invention, the fuel 
20 from the additional sub fuel injection is burned. 

Further, according to the present invention, the 
additional sub fuel injection is carried out at a crank 
angle between the top dead center of the power stroke 
and 120 degrees after the top dead center of the power 
25 stroke. 

Further, according to the present invention, the 
additional sub fuel injection is carried out at a crank 
angle between 90 degrees after the top dead center of 
the power stoke and 120 degrees after the top dead 

30 center of the power stroke. 

Further, according to the present invention, the fuel 
from the additional sub fuel injection changes to ther- 
mally decomposed hydrocarbon. 

Further, according to the present invention, the 

35 additional sub fuel injection is carried out at a crank 
angle between 90 degrees after the top dead center of 
the power stroke and 150 degrees after the top dead 
center of the power stroke. 

Further, according to the present invention, the 

40 additional sub fuel injection is carried out at a crank 
angle between 90 degrees after the top dead center of 
the power stroke and 120 degrees after the top dead 
center of the power stroke. 

Further, according to the present invention, an oxi- 

45 dising catalyst for oxidizing carbon monoxide in" the 
exhaust gas is arranged in the exhaust passage 
upstream of the NOx catalyst, hydrocarbon feeding 
means for feeding hydrocarbon into the NOx catalyst is 
arranged in the exhaust passage between the oxidizing 

50 catalyst and the NOx catalyst, hydrocarbon feeding con- 
trol means is provided for controlling the feeding opera- 
tion of the hydrocarbon feeding means, the hydrocarbon 
feeding control means carries out the feeding operation 
of the hydrocarbon feeding means and the sub fuel 

55 injection control means and the additional sub injection 
control means stops the sub fuel injection and the addi- 
tional sub fuel injection, respectively, when the temper- 
ature of the NOx. catalyst is higher than a 
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predetermined temperature, and the hydrocarbon feed- 
ing control means stops the feeding operation of the 
hydrocarbon feeding means and the sub fuel injection 
control means and the additional sub injection corrtrol 
means carry out the sub fuel injection and the additional 5 
sub fuel injection, respectively, when the temperature of 
the NOx catalyst is lower than the predetermined tem- 
perature. 

The present invention may be more fully under- 
stood from the description of the preferred embodi- w 
ments of the invention set forth below, together with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

In the drawings: 

Fig. 1 is a view of a fuel injection control device of a 
direct injection type engine according to a first 
embodiment of the invention; 20 
Fig. 2 is a view illustrating a relationship between a 
NOx catalyst temperature and a purification ratio of 
NO,: 

Figs. 3 and 4 are a view illustrating a relationship 
between a crank angle and an open-close signal for 25 
a fuel injector according to the first embodiment of 
the invention; 

Fig. 5 is a view illustrating a relationship between 
an engine speed, a degree of accelerator depres- 
sion and an amount of NG^ discharged from the 30 
engine; 

Fig. 6 is a view Illustrating a relationship between 
the engine speed and the degree of accelerator 
depression; 

Fig. 7 is a flowchart of a fuel injection control 35 
according to the first embodiment of the invention; 
Figs. 8 and 9 are a view illustrating a relationship 
between a crank angle and an open-close signal for 
a fuel injector according to a second embodiment of 
the invention; ^0 
Fig. 10 is a flowchart of a fuel injection control 
according to the second embodiment of the inven- 
tion; 

Fig. 11 is a view of a fuel injection control device of 
a direct injection type engine according to a third 
embodiment of invention; and 
Fig. 12 is a flowchart of a fuel injection control 
according to the third embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- so 
MENTS 

Referring to Fig. 1, a reference number 1 is an 
engine body of a direct injection type of compression- 
ignition combustion engine. The engine body 1 has four 55 
combustion chambers 3 (only one is shown in Fig. 1 ), A 
piston 2 is positioned in each combustion chamber 3. 
An intake passage 9 for feeding air into the combustion 



chambers 3 is connected to the engine body 1 via intake 
ports (not shown). An exhaust manifold 7 for discharg- 
ing exhaust gas from the combustion chambers 3 is 
connected to the engine body 1 via exhaust ports 5 
(only one is shown in Rg. 1). An exhaust valve 4 is posi- 
tioned in each exhaust port 5. The engine body 1 has 
four fuel injectors 6 (only one is shown in Fig. 1) for 
directly injecting fuel into the corresponding combustion 
chamber 3. 

The exhaust manifold 7 is connected to an exhaust 
passage 8. A NOx catalyst 10 for purifying NOx in the 
exhaust gas is arranged in the exhaust passage 8. The 
purification ratio of the NOx depends on temperature of 
the NOx catalyst 10 as shown in Fig. 2. The NOx cata- 
lyst 10 purifies the NOx with hydrocarbon under an oxy- 
gen-rich atmosphere within a predetermined 
temperature range between a lower temperature T^ and 
a higher temperature T2. The purification ratio of the 
NOx 'S highest at a most suitable temperature Tq of the 
NOx catalyst 10. Note that the lower temperature T^ is 
lower than the higher tenrtperature T2, and the most suit- 
able temperature is higher than the lower temperature 
Ti and is lower than the higher temperature T2. Further 
note that the hydrocarbon is referred to as "HC" in this 
specification. 

A temperature sensor 12 for generating a voltage in 
proportion to the temperature of the NOx catalyst lO is 
arranged in the NOx catalyst 10. 

An electronic control unit (ECU) 40 is a digital com- 
puter and comprises a central processing unit (CPU) 
44, a random access memory (RAM) 43, a read only 
memory 42 (ROM), an input port 45 and an output port 
46. These components are interconnected by a bidirec- 
tional bus 41. The temperature sensor 12 is connected 
to the input port 45 via an A-D converter 47. A crank 
angle sensor 14 is connected to the input port 45 via an 
A-D converter 48. The crank angle sensor 30 provides 
an output pulse at, for example, every 30 degrees of the 
rotation of a crank shaft (not shown) of the engine. An 
accelerator depression sensor 16 for generating a volt- 
age in proportion to degree of depression of an acceler-- 
ator (not shown) is connected to the input port 45 via an 
A-D converter 49, The CPU 44 calculates engine speed 
of the engine on the basis of the output voltages of the 
crank angle sensor 14 and the accelerator depression 
sensor 1 6. 

On the other hand, the output port 46 is connected 
to the fuel injector 6 via a drive circuit 50. 

On the operation of the fuel injection control device 
according to the first embodiment, at first, it is judged if 
temperature T of the NG^ catalyst 10 exceeds the most 
suitable temperatur Tq. 

When the temperature T of the NO^ catalyst 10 
exceeds the most suitable temperature Tq. it is deter- 
mined that it is not necessary to increase the tempera- 
ture of the NOx catalyst 10 in order to continuously 
make the temperature of the NOx catalyst 10 the most 
suitable temperature Tq. Therefore, a main fuel injection 
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A (Fig. 3) to inject fuel from the fuel injector 6 into the 
combustion chamber 3 is carried out at a first predeter- 
mined crank angle. Note that the first predetermined 
crank angle is at the beginning of the power stroke, or 
just after the compression stroke of the engine is com- 
pleted. In the first ennbodiment. the main fuel injection A 
is carried out at about the top dead center of the power 
stroke of the engine. Fuel injected at the first predeter- 
mined crank is burned in the combustion chamber 3 to 
drive the engine. 

Then, a. sub fuel injection C (Fig. 3) to inject fuel 
from the fuel injector 6 into the combustion chamber 3 is 
carried out at a third predetermined crank angle. Note 
that the third predetermined crank angle is at the end of 
the power stroke of the engine. In the first embodiment, 
the sub fuel injection C is carried out at about 180 
degrees after the top dead center of the power stroke of 
the engine. Fuel injected at the third predetermined 
crank angle is not burned and not thermally decom- 
posed. The high-boiling-point HC flows into the NO^ cat- 
alyst 10 to purify the NOj^. Note that the hydrocarbon 
having a relatively high boiling point is referred to as 
"high-boiling-point HC in this specification. 

When the temperature T of the NOx catalyst 10 is 
lower than the most suitable temperature Tq. it is deter- 
mined that it is necessary to increase the temperature 
of the NOx catalyst 1 0 to continuously make the temper- 
ature of the NOx catalyst 10 the most suitable tempera- 
ture Tq. Therefore, the main-fuel injection A (Rg. 4) to 
inject fuel from the fuel injector 6 into the combustion 
chamber 3 is carried out at the first predetermined crank 
angle. 

Then, an additional sub fuel injection B (Fig. 4) to 
inject fuel from the fuel injector 6 into the combustion 
chamber 3 is carried out at a second predetermined 
crank angle. Note that the second predetermined crank 
angle is at the middle of the power stroke of the engine. 
In the first embodiment, the additional sub fuel injection 
B is carried out at about 100 degrees after the top dead 
center of the engine. Fuel injected at the second prede- 
termined crank angle is burned in the combustion 
chamber 3 to increase the temperature of the exhaust 
gas. The exhaust gas flows into the NOx catalyst 10 to 
increase the temperature of the NOx catalyst 10 to the 
most suitable temperature Tq. 

Then, the sub fuel injection C (Fig. 4) to inject fuel 
from the fuel injector 6 into the combustion chamber 3 is 
carried out at the third predetermined crank angle. Fuel 
injected at the third predetermined crank angle is not 
burned and not thermally decomposed. The high-bpil- 
ing-point HC flows into the NOx catalyst 10 to purify the 
NOx- 

Note that an amount of the fuel injected at the mam 
fuel injection A is calculated on the basis of a required 
torque of the engine, an amount of the fuel injected at 
the additional sub fuel injection B is calculated on the 
basis of the temperature of the NOx catalyst 10. and an 
amount of the fuel injected at the sub fuel injection C is 



calculated on the basis of the amount of the NOx flowing 
into the NOx catalyst 10 and the temperature of the NOx 
catalyst 10. 

According to the first embodiment, the amount of 
5 the NOx flowing into the NOx catalyst 10 is estimated 
from the amount of the NOx the exhaust gas dis- 
charged from the engine. That is, the higher the engine 
speed N becomes, the more the amount of the exhaust 
gas discharged from the engine per unit time increases. 
10 Further, the higher the engine load becomes, i.e., the 
larger the degree of the accelerator depression is, the 
larger the amount of the NOx discharged from the 
engine per unit time becomes since the higher the 
engine load becomes, the greater the amount of the 
15 exhaust gas discharged from the combustion chamber 
3 becomes and further the higher the combustion tem- 
perature becomes. 

Fig. 5 shows a relationship between the amount of 
the NOx discharged from the engine per unit time, the 
20 degree of the accelerator depression D and the engine 
speed N as found by experiment. In Fig. 5. curves show 
identical amounts of NOx- As shown in Fig. 5. the 
amount of theJ^JOx discharged from the engine per unit 
time becomes larger as the degree of the accelerator 
25 depression D becomes greater, and/or the engine 
spised N becomes higher. The amount of the NOx 
shown in Fig. 5 is stored in the ROM 32 in advance in 
the.form of a map as shown in Fig. 6. 

Although, according to the first embodiment, the 
30 main fuel injection A is carried out at the beginning of 
the power stroke of the engine, this does not limit the 
invention. The main fuel injection A may be carried out 
at the latest at the beginning of the power stroke. 

Further, although, according to the first embodi- 
35 ment. the additional sub fuel injection B is carried out at 
the middle of the power stroke of the engine, this does 
not limit the invention. The additional sub fuel injection B 
may be carried out at a crank angle between the top 
dead center of the power stroke and 120 degrees after 
40 the top dead center of the power stroke if. at the crank 
angle, the temperature in the combustion chamber 3 is 
so high that fuel injected at the additional fuel injection 
can be burned. 

However, fuel injected at the crank angle between 
45 the top dead center of the power stroke and 90 degrees 
after the top dead center of the power stroke is burned 
when fuel injected at the main-fuel injection A is burned. 
The burning of fuel injected at the crank angle between 
the top dead center of the power stroke and 90 degrees 
50 after the top dead center of the power stroke leads to 
the torque change of the engine. Therefore, preferably, 
the additional sub fuel injection B may be carried out at 
the crank angle between 90 degrees after the top dead 
center of the power stroke and 1 20 degrees after the top 
55 dead center of the power stroke. 

Further, although, according to the first embodi- 
ment, the sub fuel injection C is carried out at the end of 
the power stroke of the engine, this does not limit the 
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invention. The sub fuel injection C may be carried out at 
the crank angle between 1 50 degrees after the top dead 
center of the power stroke and 360 degrees after the top 
dead center of the power stroke if. at the crank angle, 
the temperature in the combustion chamber 3 is not so 
high that fuel injected at the sub fuel injection can be 
burned or thermally decomposed. 

Fig. 7 shows a flowchart illustrating fuel injection 
control according to the first embodiment. At step 1 10, 
the temperature T of the NO^ catalyst 10 is detected, 
and the routine proceeds to step 112. 

At step 1 12. it is judged if the temperature T of the 
NOx catalyst 10 exceeds the most suitable temperature 
To (T ^ To). At step 1 1 2, when T ^ Tq, the routine pro- 
ceeds to step 114. where the main-fuel injection A is 
carried out at the first predetermined crank angle, and 
the routine proceeds to step 116. where the sub fuel 
injection C is carried out at the third predetermined 
crank angle, and the processing cycle is ended. 

On the other hand, at step 1 12. when T < Tq. the 
routine proceeds to step 1 1 8. where the main-fuel injec- 
tion A is carried out at the first predetermined crank 
angle, the routine proceeds to step 120. where the addi- 
tional sub fuel injection B is carried out at the third pre- 
determined crank angle, and the routine proceeds to 
step 116. where the sub fuel injection C is carried out at 
the third predetermined crank angle, and the processing 
cycle is ended. 

Although, according to the first embodiment, the 
additional sub fuel injection B is determined to be car- 
ried out on the basis of the comparison of the tempera- 
ture of the NOx catalyst 10 with the most suitable 
temperature, this does not limit the invention. The sub 
fuel Injection C may be carried out when the tempera- 
ture of the NOx catalyst 10 is within a suitable tempera- 
ture range in which the NOx catalyst 10 purifies the NOx 
at a relatively high ratio (for example, between the tem- 
peratures Ti and T2 in Rg. 2). the additional sub fuel 
injection B may be carried out when the temperature of 
the NOx catalyst 10 is lower than the suitable tempera- 
ture range, and no sub-fuel injection may be carried out 
when the. temperature of the NOx catalyst 10 is higher 
than the suitable temperature range. 

Note that, in the specification, a ratio of the total 
amount of air fed into the intake passage, the combus- 
tion chamber, and the exhaust passage upstream of a 
certain position in the exhaust passage to the total 
amount of fuel fed into the intake passage, the combus- 
tion chamber and the exhaust passage upstream of the 
above-mentioned position is referred to an air-fuel ratio 
of the exhaust gas. ■ 

A fuel injection control device of a direct injection 
type engine according to a second embodiment will be 
desaibed. in below. Explanations of the components of 
the fuel injection control device according to the second 
embodiment are omitted since these components are 
the same as the device according to the first embodi- 
ment. 



During the operation of the fuel injection control 
device according to the second embodiment, first, it is 
judged if temperature T of the NOx catalyst 10 exceeds 
the most suitable tennperature Tq. 

5 When the temperature of the NOx catalyst 10 
exceeds the most suitable temperature Tq. it is deter- 
mined that it is not necessary to increase the tempera- 
ture of the NOx catalyst 10 in order to continuously 
make the temperature of the NOx catalyst 10 the most 

10 ' suitable temperature Tq. Therefore, a main-fuel injection 
A (Fig. 8) to inject fuel from the fuel injector 6 into the 
combustion chamber 3 is carried out at a first predeter- 
mined crank angle. Note that the first predetermined 
crank angle according to the second embodiment is the 

15 same as the first predetermined crank angle according 
to the first embodiment. Fuel injected at the first prede- 
termined crank is burned in the combustion chamber 3 
to drive the engine. 

Then, a sub fuel injection C (Fig. 8) to inject fuel 

20 from the fuel injector 6 into the combustion chamber 3 is 
carried out at a third predetermined crank angle. Note 
that the third predetermined crank angle according to 
the second 'embodiment is the same as the third prede- 
termined crank angle according to the first embodiment. 

25 Fuel injected at the third predetermined crank angle is 
not burned and not thermally decomposed. The high- 
boiling-point HO flows into the NOx catalyst 10 to purify 
the NOx. 

When the terhperature T of the NOx catalyst 1 0 is 
30 lower than the most suitable temperature Tq. it is deter- 
mined that it is necessary to supply low-boiling-point 
HC. Note that the hydrocarbon having a relatively low 
boiling point is referred to as "low-boiling-point HC" In 
this specification. The low-boiling-point HC easily reacts 
35 with the NOx the NOx catalyst 10 at a relatively lower 
temperature of the NOx catalyst 10 than the high-boil- 
ing-point HC. 

Therefore, the main fuel injection A (Fig. 9) to inject 
fuel from the fuel injector 6 into the combustion chamber 

40 3 Is carried out at the first predetermined crank angle. 

Then, an additional sub fuel injection B (Fig. 9) to 
inject fuel from the fuel injector 6 into the combustion 
chamber 3 is carried out at a second predetermined 
crank angle. Note that the second predetermined crank 

45 angle is at the middle of the power stroke of the engine. 
In the second embodiment, the additional sub fuel injec- 
tion B is carried out at about 135 degrees after the top 
dead center of the power stroke of the engine. Fuel 
Injected at the second predetermined crank angle is not 

50 burned but changes to thermally decomposed hydro- 
carbon having a relatively low boiling point. The low- 
boiling-point HC flows into the NOx catalyst 10 to react 
with the NOx NOx catalyst 10. and the reaction 

increases the temperature of the NOx catalyst 10. 

55 Then, the sub fuel injection C (Fig. 9) to inject fuel 
from the fuel injector 6 into the combustion chamber 3 is 
carried out at the third predetermined crank angle. Fuel 
injected at the third predetermined crank angle is not 
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burned and not thermally decomposed. The high-boil- 
ing-point HC flows into the NOx catalyst 1 0. The temper- 
ature of the NOx catalyst 10 becomes high due to the 
reaction heat of the low-boiling-point HC with the NOx 
when the high-boiling-point HC flows into the NOx cata- 
lyst 10 to purify the NOx- Therefore, the high-boiling- 
point HC can easily react with the NOx- 

Although, according to the second embodiment, the 
additional sub fuel injection B is carried out at the mid- 
dle of the power stroke of the engine, this does not limit 
the invention. The additional sub fuel injection B may be 
canrled out at a crank angle between 90 degrees after 
the top dead center of the power stroke and 150 
degrees after the top dead center of the power stroke if. 
at the crank angle, the temperature in the combustion 
chamber 3 is so high that fuel injected at the additional 
fuel injection can change to the low-boiling-point HC. 

However, fuel injected at the crank angle between 
90 degrees after the top dead center of the power stroke 
and 120 degrees after the top dead center of the power 
stroke is burned when fuel injected at the main fuel 
injection A is burned. The burning of the fuel injected at 
the crank angle between 90.degrees after the top dead 
center of the power stroke and 1 20 degrees after the top 
dead center of the power stroke leads to the torque 
change and loss of the hydrocarbon to be fed into the 
NOx catalyst 10. Therefore, preferably, the additional 
sub fuel injection B may be carried out at the crank 
angle between 120 degrees after the top dead center of 
the power stroke and 1 50 degrees after the top dead 
center of the power stroke. 

Fig. 10 shows a flowchart illustrating fuel injection 
control according to the second invention. At step 210. 
the temperature T of the NOx catalyst 10 is detected, 
and the routine process to step 212. 

At step 212. it is judged if the temperature T of the 
NOx catalyst 10 exceeds the most suitable temperature 
To (T § Tq). At step 212. when T s Tq. the routine pro- 
ceeds to step 214. where the main fuel injection A is 
carried out at the first predetermined crank angle, and 
the routine proceeds to step 216. where the sub fuel 
injection is carried out at the third predetermined crank 
angle, and the processing cycle is ended. 

On the other hand, at step 212. when T < Tq. the 
routine proceeds to step 218, where the main fuel injec- 
tion A is carried out at the first predetermined crank 
angle, the routine proceeds to step 120. where the addi- 
tional sub fuel injection is carried out at the second pre- 
determined crank angle, and the routine proceeds to 
step 216, where the sub fuel injection is carried out at 
the third predetermined crank angle, and the processing 
cycle is ended. . 

Although, according to the second embodiment, the 
additional sub fuel injection B is determined to be car- 
ried out on the basis of the comparison of the tempera- 
ture of the NOx catalyst 10 with the most suitable 
temperature, this does not limit the invention. The sub 
fuel injection C may be carried out when the tempera- 



ture of the NOx catalyst 10 is within a suitable tempera- 
ture range in which the NOx catalyst 10 purifies the NOx 
at a relatively high ratio (for example, between the tem- 
peratures Ti and T2 in Fig. 2). the additional sub fuel 
5 injection B may be carried out when the temperature of 
the NOx catalyst 10 is lower than the suitable tempera- 
ture range, and no sub-fuel injection may be carried out 
when the temperature of the NOx catalyst 10 is higher 
than the suitable temperature range. 
10 A fuel injection control device for a direct injection 
type engine according to a third embodiment will be 
described in below. 

Rg. 1 1 shows a fuel injection control device for a 
direct injection type engine according to the third 
15 embodiment. In addition to the first embodiment, an oxi- 
dizing catalyst 18 is arranged in the exhaust passage 8 
upstream of the NOx catalyst 10. The oxidizing catalyst 
1 8 oxidizes CO in the exhaust gas to purify the CO. 
Note that carbon monoxide is referred to as CO in this 
20 specification. A HC supply means 20 to supply the NOx 
catalyst 10 with HC is arranged in the exhaust gas 
between the oxidizing catalyst 18 and the NOx catalyst 
10. The output port 46 is connected to the HC supply 
means 20 via an associated drive circuit 50. 
25 Explanations of other components of the fuel injec- 
tion control device according to the third embodiment 
are omitted since these components are the same as 
the device according to the first embodiment. 

During the operation of the fuel injection control 
30 device according to the third embodiment, first, it is 
judged if temperature T of the NOx catalyst 10 exceeds 
the most suitable temperature Tq. 

^When the temperature of the NOx catalyst 10 
exceeds the most suitable temperature Tq. it is deter- 
35 mined that it is not necessary to increase the tempera- 
ture of the NOx catalyst 10 in order to continuously 
make the temperature of the NOx catalyst 10 the most 
suitable temperature Tq. Therefore, a main fuel injection 
A to inject fuel from the fuel injector 6 into the combus- 
40 tion chamber 3 is carried out at a first predetermined 
crank angle. Note that the first predetermined crank 
angle according to the second embodiment is the same 
as the first predetermined crank angle according to the 
first embodiment. Fuel injected at the first predeter- 
45 mined crank is burned in the combustion chamber 3 to 
drive the engine. 

Then, hydrocarbon is fed from the HC supply 
means 20 into the NOx catalyst 10 to purify the NOx- 
When the temperature of the NOx catalyst 10 is 
50 lower than the most suitable temperature Tq, it is deter- 
mined that the temperature of the oxidizing catalyst 18 
is so low that the oxidizing catalyst 18 can not purify the 
CO. Therefore, it is also determined that it is necessary 
to supply low-boiling-point HC and increase the temper- 
55 ature of the catalysts 1 0 and 1 8. 

Therefore, the main fuel injection A to inject fuel 
from the fuel injector 6 into the combustion chamber 3 is 
carried out at the first predetermined crank angle. 
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Then, an additional sub fuel injection 8 to inject fuel 
from the fuel Injector 6 into the combustion chamber 3 is 
carried out at a second predetermined crank angle. 
Note that the second predetermined crank angle 
according to the third embodiment is the same as the 
second predetermined crank angle according to the 
second embodiment. Fuel injected at the second prede- 
termined crank angle is not burned but changes to ther- 
mally decomposed hydrocarbon having a relatively low 
boiling point. The low-boiling-point HC flows into the 
NOx catalyst 10 to react W\Xh the NO^ in the NOx cata- 
lyst 10» and the reaction increases the temperature of 
the NOx catalyst 10. 

Then, a sub fuel injection C to inject fuel from the 
fuel injector 6 into the combustion chamber 3 is carried 
out at a third predetermined crank angle. Note that the 
third predetermined crank angle according to the third 
embodiment is the same as the third predetermined 
crank angle according to the second embodiment. Fuel 
injected at the third predetermined crank angle is not 
burned and not thermally decomposed. The high-boil- 
ing-point HC flows into the NOx catalyst 1 0. The temper- 
ature of the NOx catalyst 10 becomes high due to the 
reaction heat of the low-boiling-point HC with the NG^ 
when the high-boiling-point HC flows into the NOx cata- 
lyst 10 to purify the NOx. Therefore, the high-boiling- 
point HC can easily react with the NOx- 

Fig. 12' shows a flowchart illustrating fuel injection 
control according to the third embodiment. At step 310. 
temperature T of the NOx catalyst 10 is detected, and 
the routine proceeds to step 312. 

At step 312, it is judged if the temperature T of the 
NOx catalyst 10 exceeds the most suitable temperature 
To (T = To). At step 312, when T ^ Tq, the routine pro- 
ceeds to step 314. where the main fuel injection A is 
carried out at the first predetermined crank angle, and 
the routine proceeds to step 316. where hydrocarbon is 
fed from the HC supply means, and the processing 
cycle is ended. 

On the other hand, at step 312. when T < Tq. the 
routine proceeds to step 318. where the main fuel injec- 
tion A is carried out at the first predetermined crank 
angle, the routine proceeds to step 320, where the addi- 
tional sub fuel injection Is carried out at the third prede- 
termined crank angle, and the routine proceeds to step 
322. where the sub fuel injection is carried out at the 
third predetermined crank angle, and the processing 
cycle is ended. 

Note that the invention can be applied to any plug- 
ignition combustion engine which is operated under 
oxygen-rich atmosphere. Further, the invention can be 
applied to any engine comprising a NOx catalyst which 
absorbs the NOx when the air-fuel ratio of the exhaust 
gas is lean compared to th stoichiometric ratio, and 
discharges the absorbed NOx when the air-fuel ratio of 
the exhaust gas is rich compared to the stoichiometric 
ratio. 

While the invention has been described by refer- 



ence to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous modifi- 
cations can be made thereto by those skilled in the art 
without departing from the basic concept and scope of 

5 the invention. 

A fuel injection control device for a direct injection 
type engine having an exhaust passage and a NOx cat- 
alyst arranged therein to purify NOx exhaust gas dis- 
charged from the engine comprises fuel injectors for 

10 injecting fuel into a cylinder. The injecting operation of 
the fuel injectors is controlled to carry out a main fuel 
injection at the latest at the beginning of a power stroke 
of the engine. The injecting operation of the fuel injec- 
tors is controlled to carry out a sub fuel injection at one 

15 of a power stroke and an exhaust stroke of the engine 
after the main fuel injection is completed to increase an 
amount of hydrocarbon in the exhaust gas. The Injecting 
operation of the fuel injectors is controlled to carry out 
an additional sub fuel injection after the main fuel injec- 

20 tion is completed and before the sub fuel injection is car- 
ried out. 

Claims • 

25 1. A fuel injection control device for a direct injection 
type engine having an exhaust passage and a NOx 
catalyst arranged therein to purify NOx exhaust 
gas discharged from the engine, said device com- 
prising: 

30 

fuel injection means for injecting fuel into a cyl- 
inder; 

main fuel injection control means for controlling 
the injecting operation of said fuel Injection 
25 means to carry out a main fuel injection at the 

latest at the beginning of a power stroke of the 
engine; 

sub fuel injection control means for controlling 
the injecting operation of said fuel Injection 

40 means to carry out a sub fuel injection at one of 

a powef stroke and an exhaust stroke of the 
engine after the main fuel Injection is com- 
pleted to increase an amount of hydrocarbon in 
the exhaust gas; and 

45 additional sub fuel injection control means for 

controlling the injecting operation of said fuel 
injection means to carry out an additional sub 
fuel injection after the main fuel injection Is 
completed and before the sub fuel injection is 

50 carried out, 

2. A fuel injection control device according to claim 1 , 
wherein said additional sub fuel injection control 
means carries out the additional sub fuel Injection 
55 when the temperature of the NOx catalyst is lower 
than a predetermined temperature, and stops the 
additional sub fuel injection when the temperature 
of the NOx catalyst exceeds the predetermined 
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temperature. 

3. A fuel injection control device according to claim 2, 
wherein the fuel from the additional sub fuel injec- 
tion is burned. 

4. A fuel injection control device according to claim 3. 
wherein the additional sub fuel injection is carried 
out at a crank angle between the top dead center of 
the power stroke and 120 degrees after the top 
dead center of the power stroke. 

5. A fuel injection control device according to claim 4. 
wherein the additional sub fuel injection is carried 
out at a crank angle between 90 degrees after the 
top dead center of the power stroke and 120 
degrees after the top dead center of the power 
stroke. 

6. A fuel injection control device according to claim 1 , 
wherein the fuel from the additional sub fuel injec- 
tion changes to thermally decomposed hydrocar- 
bon. 

7. A fuel injection control device according to claim 6, 
wherein the additional sub fuel injection is carried 
out at a crank angle between 90 degrees after the 
top dead center of the power stroke and 150 
degrees after the top dead center of the power 
stroke. 

8. A fuel injection control device according to claim 7, 
therein the additional sub fuel injection is carried 
out at a crank angle between 90 degrees after the 
top dead center of the power stroke and 120 
degrees after the top dead center of the power 
stroke. 

9. A fuel injection control device according to claim 1 . 
wherein an oxidizing catalyst for oxidizing carbon 
monoxide in the exhaust gas is arranged in the 
exhaust passage upstream of the NO^ catalyst, 
hydrocarbon feeding means for feeding hydrocar- 
bon into the NOx catalyst is arranged in the exhaust 
passage between the oxidizing catalyst and the 
NOx catalyst, hydrocarbon feeding control means is 
provided for controlling the feeding operation of 
said hydrocarbon feeding means, said hydrocarbon 
feeding control means carries out the feeding oper- 

■ ation of said hydrocarbon feeding means and said 
sub fuel injection control means and said additional 
sub injection control means stop th sub fuel injec- 
tion and the additional sub fuel injection, respec- 
tively, when the temperature of the NOx catalyst is 
higher than a predetermined temperature, and said 
hydrocarbon feeding control means stops the feed- 
ing operation of said hydrocarbon feeding means 
and said sub fuel injection control means and said 



additional sub injection control means carry out the 
sub fuel injection and the additional sub fuel injec- 
tion, respectively when the temperature of the NOx 
catalyst is lower than the predetermined tempera- 
ture. 
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